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L U N G I W I N A L  STABlLITy AND CONTROL CHARAC'l3RISTICS OF A 

SEMISPAN WTND-T'UKNEL MOllEL OF A TAIUESS AIRPLANE AND 

A COMPARISON W I T H  C O M P I X ~ - M O I I E L  WDlD-"EL 'IIESTS 

AND sEMISPAN-Moc[EL WING-FLOW TZSTS 

By Kenneth W. Goodson and Thomas J. Icing, Jr. 

SUMMARY 

A n  investigation was conducted on a semispan podel of a tailless amlam in the Langley high-speed 7- by 10-foot  tunnel in the Mach  number 
range from 0.40 to  0.97. The resul ts  m e  compared w i t h  those obtain& 
with a sting-mounted cmplete model tested in  the same tunnel and with a 
semispn model tested by the w i n g - f l o w  method. 

The l if t-curve slopes obtained f o r  the semispan mdel and the wing- 
f low model 'were in good agrement but both were genera l l y  lower than the 
values obtainsd f o r  the st ing model. The results of an unpublished 
investigation have ehom that tunneliwall bomdaxy-layer a d  strut-leakage 
effects can came the  Wference noted between the lift-curve  slopes of 
the sting and the semispan data. 

Fair agreement w a s  obtained among the data of the three models as 
regards the variation of pitching-mament coefficients w i t h  l i f t  coefffcient 
for  various  elevator  deflections. Ih the Mach nmker range between 0.94 
and 0.97, control  reversal waa indicated in the wing-flow data  near z e r o  
l i f t ;  whereas, these same trends were indicated in the  larger  male semi- 
span data at  somewhat hi&er l i f t  coefficients.. 

A l l  three test methods indfcated a stable  variation of control 
deflection with Mach  number up to  a Mach  number of about 0.87 at an 
al t i tude of 30,000 f ee t  and f o r  a ufng loading of 28. A t  higher Mach 
numbers all three methods a lso  indicated a tucking-under  tendency of 
similar abruptness and magnitude. 

Tests of a 10-percent-span  spoiler  located on the 35-percent-chord 
line of the lower wlng surface inboard of the ver t ical  tail w a ~  equiva- 
l en t   to  about k0 of negative  control.  deflection in the high-speed rmge 
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where t r i m  changes were encountered mil, therefore, might be desirable 
for  m e  as a m e a n s  of auxiliary  control. 

A number of investigations have been  conducted a t  high  subsonic and 
transonic Mach numbers with v+.rioue models of a tai l leee  airplane.  Data 
have been obtained on a cdmplete model mounted on a s a  supwrt  in the 
Langley high-speed 7- by 10-foot  tunnel  (reference 1) and on a semispan 
model uti l iz ing the NACA wing-flow method (unpubliahed) . Ih order t o  
obtain data a t  higher Mach numbers thsn were reached  with the sting- 
supported model, one-half of this model was teated as a raflection-plane 
model in the Langley high-epeed 7-  by 10-foot tunnel. The purpose of this 
paper is tx-present these data and to coppare the resul ts  wlth those 
obtain&. by other methods. 

COEFFICIENTS AND SYMBOIS 

The system of-axes used for the presentEltion of the data, together 
w i t h  an  Fndication  of. the positive  forcea, moments, and angles, is presented 
in   f igure 1. Pertinent symbols a r e  defined as follows: 

cL 

cD 

cm pitohing-moment coefficient, measured about  IT-percent mean 

lift cosfficient ( L e t / &  

drag coefficient- ( ~ r a g ; / q ~ )  

aerodynamic chord (Pitching mament/@c ' ) 
L i f t  = -z 

 rag = -X (0- at ~r = oO) 

X force along X-axis, pounds 

Z force  along Z-axis,  p o m e  

M pitching moment, gound-f ee t 

¶ free-,et;-zeam ~ n x r a i c  premure, pounds per square foot (pv2/2) 

P mss density of a i r ,  slugs per cubic foot 

v f r a e - s t r w  velocity, Seetper  second 

I 
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E 
M free-stream Mach  number (V/a) 

a speed of sound, feet   per  second 

S w i n g  area (3.174 sq f t on complete m o d e l  ) 

C '  m e a n  aerodynamic chord (1.046 f t on del) 

a.c. - aerodynamic center 

C chord para l le l  t o  plane of symmetry 

chord perpendiculax t o  0.23 line 

U angle of attack, measured f m m  X - a x i s  t o  fuselage center  line, 

R Reynolds nmiber  (pPc * /p) 

P absolute viscosity of air, po--secod/feet2 

degrees 

6a control-surface  deflection with reference to wing chord line 
paral le l  to plane of symme-try, degreeE 

A semispan model of a t a i l l e s s  airplane was used t o  obtain the basic 
semispan data presented in this paper. The model was =de by uti l iz ing 
one-half of a csmplete model (reference 1). However,  izaaemuch as the 
original  fuselage Was of solid steel construction, a half-fuse-ge was 
cast of bimuth-tin alloy f o r  we fn these tests. The con-trol surfaces 
were  of constant chord with sealed gaps. Drawings and photographs of the 
model.aze presented in f igurea  2 t o  4. Details of a 10-percent-span 
epoiler located on the 35-percent-chord line of the lower w i n g  surface 
inboard of the v e r t i c a l  tail a r e  shown in figure 5. A l l  models used in 
the comparison incorporated  duct inlets. 

Test  Conditions 

The variation of t e s t  ReynoldB m e r  w i t h  Mach number f o r  average 
test conditions is presented in   f igure  6 .  The degree of turbulence of 
the tunnel is  not known but 5s believed t o  be smal l  became of the high 
contraction ratio of the tunnel (l5.7:l). The s i z e  of -Lhe model wed in  



the  present  Investigation leads t o  an estimated,choking Mach number 
of 0.95 Wsed on one-dimensional-flow theory. €kowever, inasmuch as no 
evidence of ang choking phenmena was apparent even a t  a tunnel Mach 
number of 0.95, the semispan data are  presented  for the highest Mach 
nunibera obtained for  the sake ofcampzison w l t h  the wing-flow data. 

The greater part of the semispan wind-tunnel t e s t s  were made fo r  the 
complete model canfiguration  for several control  deflections. A limited 
amount of data ware obtained  with the vert ical  firm off  at-zero  control 
deflection. 

The tests were made w i t h  t h e  fuselage partially submerged i n  the wall 
boundary layer ancl with some leakage azo& the support  strut. The 
tunnel-wall boundary-layer t h i c b e s s  was about 2.5 inches based on 95 percent 
of free-stream  velocity. The leakage through a @rich gap around the model 
support was minimized by using the fuselage as an and pla te .  

I 

Corrections 

Jet-boudmy  corrections  to the lift and drag  measurements were 4 

determined by the metha of reference 2. A l l  coefficients and Mach numbers 
were corrected for blocking by t h e  model and i ts  wake (reference 3 ) .  Ths 
Mach number blockage correction  varied frm 1.004 at  M = 0.6 to 1.040 
at  M = 0.93. The sting pitching-mment data have been corrected  for  the 
additional tare correction given on page 10 of reference 1. 

Presentation of Results 

A table of-the  f igures presenting the results is given below: 

I. Basic Semispan Model D a t a  

A. Longitudinal characteristics, fins on 
Figure 
7 h 8  

B. Longitudin%l characteristics, fins off 9 

C .  EFfects of spoiler  deflection, fins on 10 

11. Comparison of Semispan, St ing,  and Wing-Flow D a t a  

A .  Variatlon of & aa w i t h  Mach nmiber, f ins on 11 

B. Varriation of (&,/&.., w i t h  Mach  number, fins off 12 

c .  Variation of 

D. Variation of % w i t h  Mach  ntmiber, f ins off 14 

E. Variation of CD with Mach  number, firm on 15 

?I 1 
%=o wLth Mach  number, fins on 13 . 

L- Y 
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F. Variation  of  CD with Mach nmiber,  fin6 off  16 

G. Variation  of (&.&2~)~ with Mach number, f i n e  on 17 

H. Variation  of ( a O m / & ~ ) ~  w i t h  Mach nmber, fins off  18 

I. Vmiation of w i t h  Mach nuniber, fFn8 on 19(a) 

J. Variation of with  Mach  nmiber, fine off l9(b) 

K. Basic  stability  and  control  char&cteristics, fins 011 20 and 21 

L . Control deflectim for trim; = 28, 

%G* 
%=o 

altitude 30,000 feet 22 

aIscussroR 
Basic Semispan W h d - T u n a e l  Data 

Basic  aerodynamic  characteristics.- It is noted that t h e r e  is a 
emall reduction .h lift-curve  slope Fn the low-lift range (f igs. 7 and 8). 
This  nonlinearity in the lift  curves  is  attributed to twmel-wall boundary- 
layer and strut-leakage  effects  which a r e  discussed later in the portion 
of t he  paper  dealing with the  comparison  of these data with those obtafned 
by other methods. The data a l s o  indicate a reversal in control  effectiveness 
for small control  deflections at a Mach number of .0.96 (fig. 7 ( 2 ) ) .  The 
control  revbrsal  appears to-occur outside a practical flight range and 
should not be  serious. 

spoiler  controls.- b e r  surface  spoilers  (fig. 5 )  were  investi- 
gated as an auxiUary control  device to be .wed in the  event of lose of 
control in t h e  high h c h  range. The data (fig. 10) &ow thqt the apoilers 
have a negligible  effect on the lfft  characteristics  while  producing an 
appreciable  nosing-up  pitching-moment  increment throughout the entire 
lift  and  Mach  number range. The use of these spoilers as a means of dive 
recovery might be desirable Fn the high-speed raTlge where t h e  control 
effectiveness  ia greatly reduced. At a Mach nmber of 0.94, for example, 
the spoiler  effectiveness  is  equivalent to about bo of  negative  control 
deflection .. 

No drag data a r e  presented for the spoiler tea ts  (fig. 10) because 
of difficulties  encountered  with the drag balance. 

CmparisOn ?di* Sting  Data and &published Wing-Flow D a t a  

Lift chazacteristics.- It is B e e n  from t h e  vaziation of 1 s t - c m e  
slope  (low-lift range) with h c h  nmiber  that there is go& agreement 
between the. data of the semispan model and w i n g - f l o w  model for both fFns 
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on and off (figs.  l l  and 12). Hmever, the data obtained with the stin@;- 
mounted model indicate substantially larger  l if t-curve slopes .over most 
of the Mach n&er range particularly with fins on. The reeulte of- an 
unpublished investigation wing the complete semispan model of the t a i l l e s s  
airplane has shown that tunnel-wall bound&ry-la.yer and strut-leakage 
effects can cause the differences  noted between the lift-curve  slopes 
of the st ing  and the semispan data. Although these tests were made with 
the complete model, simileL1. results could  be  expected f o r  the model 
without ver t ical  fine. The similari-ty of b e n d s  for the fina-on and fins- 
off data is evident f r c a n  figures ll and 12. The boundary layer on the F-51 
--flow test vehicle was much smaller relative t o  the sfze of the 
wing-flow d e l ,  but  indications  are that the effects of leakage around 
the b&se of the model were appreciabl . The Reynolds number fo r  t h e  wing - 
flow mod varied frm about 1.0 X 10 a t  the lowest Mach numbers t o  
2 .O x 10 at  the highest- Mach n-m&ers. e 8 

The angle of attack for zero Uft as obtained by the w e  testing 
techniques is in f a i r l y  good agreement for the ver t ica l  fins-off condition 
(f ig .  14).  W i t h  the v e r t i c a l  fins on (fig. 13), acL=0 occurs at  about 
0.6~ higher angle of a t tack  for  the semispan model than fo r  the sting model 
over most of the Mach  number rasge. A t  the highest Mach numbers,  haw- 
ever, decreases to values more comparable to the sting data. The 
w b g L f l o w  d ~ t a  agree fairly well w i t h  the sting; dsta a t  the lower Mach 
numbars but % is about 0.5O higher  tban the st ing value a t  M = 0 .go. 

mag characteristics.- It- is seen from figures 13 ELIXI 16 that although 
the &ag coefficient at  constant C is generally somewhat higher fo r   t he  
semispanmodel, the drag rise occurs a t  essentially  the same Mach  nuniber as 
fo r  the sting model. No drag d a t a  were available on the wing-flaw model. 

L=O 

L> 
Pitchina mment a t  zero lift;. - Up t o  a Mach  number of 0.91 all three 

method8 are In f a i r  agreement regarding the variation with Mach rimer of 
the  pitchi plament coefficient  at  zero l i f t  for the complete model. 
( f ig .   19(a3 .  With f ins  removed (fig.  19(b))  the  data for the sting and 
sermispan  model show excellent agreement- The results for the semispan 
model appeared t o  be especially  influenced by flow changes over the 
portion of the w i n g  between the  fueelage and the  fin. The8e flow & x e s  
were brought about by different  interaction  effects of the boundary layer, 
leakage, and flow induced by the   f in  itself. F r a u  a comparison of the 
w e  of zero l i f t ,  the  l if t-curve  dopes,  and the pitching moment at .zero 
l i f t ,  It appears tha t  these various  Interaction  effects on the s d s p a n  
model were l ese  severe for the fin-off configuration. 

There are known t o  be sane slight differences between the w i n g - f l o w  2 

model and the wind-tunnel model due to  constructional  inaccuracies, and 
these  differences, together:with the  indeterminate  leakage-cond3tian a t  
the root- of the wing-flow and eemispan models, may be p a r t i a l l y  respansible Y 

for whatever diffbrences are noted in   the  cnmparison of the data. 



Stabi l i ty  and control.- The curve of (aC,/acl;), at low Q, f o r  the 
complete semispan model (f ig .  17) indicates . a n  almost cans'uant a e r o d p d c  
center  at  about 23 -5 -percent mean  aerodynamic chord up t o  M = 0 .&I. 
Between a Mach number  of 0 .@ and 0 -96 -there is a large  e tabi l iz ing  shif t  
fn the  aerod.yndc-center  location of about 10-percent mean aerodynmic 
chord. The s t i n g  data  indicate an aeroipmic-center  locatlon  generally 
about  2.0-percent mean aeroaynamic chord re rearwazd of the basic semi- 
span data; whereas, the value of ( w ~ L  f o r  the --flow model 
generally falls between the other two models. The large rearnard  aerdpamic- 
center  shift  is evident Fn the curves fo r  all three models above a Mach 
number of 0 .as. The a g r e m t  in (&,la), between the various  test 
methods is  not quite as good for the vert ical  fin-off condition  (fig. 18). 

me  control  effectivanses (%/as,> a t  CL, = o and f o r  control 
deflectione l e  in good agrement  for  the  various  test methods up t o  
M = 0.91. A t  the highest Mach riders a reversal in effectiveness is 
indicated from both  the wing-flow and the larger male aemispan data. 
(See figs. a. and 7( 2 )  .) The reversale in  the semispan data however occur 
a t  higher lift coefficients  than the wing-flow data and f o r  elevator 
deflections  outside  the trlm range. 

The control  deflection required for   l eve l  flight at  an al t l tude oP 
30,000 f ee t  and a wing loading of 28 was computed frcrm the data of the 

. various models in order to  evaluate the nmgnitude of trim change indicated 
at high subsonic speed ( f i g  . 2 2 )  . The variation of gatrim wlth M a c h  

num3er for the ating and s e m i ~ p a n  mdel s  w&8 in  good agreement, and f o r w d  
s t ick movement was required to   a f f ec t  -creases in meed up t o  M = 0.87. 
m v e  t h i s  Mach nmber a tucking-under tendency i e  mnlfested. Note that 
In the Mach n m b r  range between 0 and 0.975 the wing-flow model could 
be trimmed at several  values of Ea .  This was caused by the reversal of 
control  effectiveness at the high M a c h  numbers on the wing-flow model 
( f ig .  21). 

An invest igatbn was  made t o  determine  the aerodynemic characterist ics 
of a semispan m o d e l  of a taillsss airplane and to compare them results 
with available data on the  tailless  airplane  frcm-an  investigatidn of a 
cmplete wind-tunnel model and a semispan w i n g - f l a w  model. These data 
Indicated  the  following  canclusions: 

1. The l if t-curve slops obtained for  the semispan model and the 
wlng-flow model were in  good agrement,  but  both w e r e  generally lower 
than the  value  obtained for the  sting modal. The- res14ts of an mpub- 
lished  investigation have ehown that tunnel-wall  boundary-layer and 
strut-leakage  effects can cause the  differences  noted between the l i f t -  
curve elopes of the eting and the eemispan data. 



8 - NACA RM Ltgc31 

2. Fair agreemsnt wae obtained between the data of-.the tbree models 
as regards  the  variation of pitching-mment  coefficient with lift coeffi- 
cient for various  elevator  deflections. However, i n  the Mach number range 
between 0.94 and 0.97, control reversal w a s  indicated I n  the wing-flow 
data near zero lifi; whereas, these same trader were indicated  in the 
larger scale semispan data at saQlLexhat higher lift coefficients. 

3. Good agreement was obtained for the semispan and sting models in 
regard t o  the drag r ise  Mach number. The absolute drag coeffioients, how- 
ever, were scrmewhat higher for the sermispan model than for the sting model. 

4. All three t e s t  methods indicated a stable variation of control 
deflection  with  Wch number  up t o  a Mach  number of about 0.87 at an al t i -  
tude of 30,000 f e e t  and for a wing loading of 28. A t  higher Mach numbers 
a l l  three methods also indicated a tucking-under tendency of Bimilar 
abruptness eand mgnitude. 

5.  Tests of a 10-percent-spn spoiler located on t h e  35-percent- 
chord l i n e  of the lower wing surface inboard of the vert ical  tail on the 
semispan wind-tunnel model were found t o  be equivalent to about 40 of 
nega t ive  control  deflection throughout the Mach nuniber rartge a& nay be 
uaeful as an auxiliary control in the .transonic range. 

Langley Aeronautical Laboratory 
National Advisory Curomittee f o r  Aeronautics 

Langley Air Force Base, Va. 
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Figure 1.- System of axee and contro1"surface deflections.  Poeitive 
values of forces, moments, and angle0 are i d i c a t e d  by a1~0u6.- 
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Figure 3.- The semispan m o d e l  of a tailless airplane with vert ical  fin 
on, mounted on the Langley 7- by l . f o o t  h i m p e e d  tunnel ceiling. 
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Tigure 5.- Drawing showing location and s i z e  of spoiler on lower surface 
of the w i n g  of the semispan model of .a tail&ss airplane. - 
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Figure 7.- Effsct  of control deflection on the aerodynamic chma+ 
terietics in pitch of the semiepan W e 1  oP a tailless airplane. 
Fina on. I 



.I2 

.08 

.04 

0 

- 0 ”  

-4 0 .z Q 
L if’t coefficient, C‘ 

(a) M = 0.61. Concluded. 

.8 

Figure 7.- Continued. 

L 

. .  . 



NACA RM L9C3 

-12 

08 

.a4 

0 

IO 

8 

6 

4 

2 

0 

74 72 0 .2 4 ..6 .8 
L i f t  coefficient, 

(b) M = 0.71. 

Figure 7.- Continued. - 
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Figure 7.- Continued. - 
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Fimre 7.- Continued. 
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Figure 7.- Continued. - 
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Figure 7.- Continued. 
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Figure 7 .- Continued. 
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(f) M = 0.91. 

Figure 7.- Continued. 
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Figure 7.- Continued. - 
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( g )  M = 0.9. concluded. 

Figure 7.- Continued. - 
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(h) M = 0.93. 

Figure 7.- Continued. - 
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(h) M = 0.93. Concluded. 

Figure 7.- Continued. - 
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Figure 7.- Continued. - 
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(j) M = 0.94 (check). 

Figure 7.- Continued. - 
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Figure 7.- Continued. - 
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Figure 7.- Ccmthmed. ._ 
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Figure 8.- Aerodynamic characteristics in pi tch  for variou8 hkch numbers 
of t h e  semispan model of a tailless airplane. Fins on; 6, = 00. _. 
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Figure 8.- Conti-d . - 
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Figure 8.- Concluded. _____._ 
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Figure 9.- Aerodynsmic characterist ics i n  pitch for various h c h  nunibere, 
of the semispan model of a tailless airplane. Fins off; Ba = Oo. 
I 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 
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Figure 10.- Effect of spoiler on aerodynagfc characterietics for var$ous 
k c h  numbers of .the semispan model of a tailless airplane. Fim on; 
E, = 00. - 
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Figure 10.- Concluded. - 
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Figure X.- A camparison of liftrcurve slope miation with Msch d e r  for the low-llft-coefficient. ~ E 
range aa obtained by three different t ea t  msthcds on rnodele of a tailleee abplane. Verticsl ul 
flna on; Ba = Oo. a L W P 
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Figure E,- A comparlaon of lifli-curve slope variatibn with k c h  number In the law-liftccoefficient 
range as obtahed  by three different t e s t  methde on &elm of a ta i l lem aFrplane. Vertioal 
fins OW; 0, = e. - 
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Figure 17.- A c a m p a r i ~ ~ ~  of (2JM variation  with &oh number for the low-1IfDcoefflcient range 
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aa obtained by t h e e  different t e s t  mthcxh on models of a tailless airplane. Vertical. fim 
off; 6a = 00. - 
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Figure 20.- A cornparriaon o f  pitching+noment coefficients obtained bg 
three different testlnsthods on models of a tailless airplane. 
Vertical fine on; 6, = 00. q-. 
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Figure 21.- Concluded. - 
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Figure 22.- Variation  with k c h  nmber of lift coef f ichnt  and control 

ang le  required for tr im in  level flight at an altitude of 30,000 feet 
with a wing loading of 28. V e r t i c a l  fins on, - 




